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Abstract 
A non-expert approach to evaluation of the boundaries of state of the art is suggested basing on the assumption that that the 
mentioned boundaries are caused by unresolved conflicts between the requirements to considered systems. The conflicts between 
the requirements are approximately described in term of complex parameters that include particular parameters of conflicting 
requirements (e.g. print speed and resolution of printers). Relationship between the complex parameter and market price of best-
selling products in a given category forms a current “profile” of state of the art, including maximum possible value (e.g. for 
military systems) as an extreme case. We suggest a procedure that uses only formal methods and allows verification of the 
hypotheses of two kinds: (1) a given complex parameter is relevant to the market, and (2) a given product exceeds the art. The 
suggested procedure makes the conclusions about excess (or no excess) of the art more objective and unbiased and can be used 
for validation of the expert conclusions. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction  
The term “state of the art” means "the level of knowledge and development achieved in a technique, science” [1]. 
However, the practical application of this term means “boundaries” or “level” more than “knowledge”. When we 
consider some great inventions, we usually say about “excess of the art”, i.e. we implicitly assume existence of some 
(essentially numerical) measure of state of the art. Unfortunately, in the known papers we did not meet numerical 
characteristics of this term that could be measured like physical quantities. Comparison of particular technical 
solution with “state of the art” is made only by peer review method that is error prone and not always unbiased and 
objective. This might cause various undesired effects, e.g. improper targeting the innovations. 
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In this paper, we try to determine the state of the art as a numerical characteristic that can be determined from 
objective data by using a formal method in order to avoid subjectivism and “quantify” the meaning of this term. 
2. Known approaches to evaluation of state of the art  
In the known literature, we did not meet a formal definition of the state of the art (or excess of the art) that could 
be directly applicable to practical cases.  
As we know, patent lawyers say about “excess of the art” if a suggested solution gives some qualitative or 
quantitative advantage (object of the invention) that cannot be achieved by using the known ways. However, such 
understanding allows (at least, formally) setting the objects being not related to real-world advantages. For instance, 
increasing the refresh rate of a CRT (cathode ray tube) monitor from 500 to 50000 Hz definitely gave no advantage 
on the market (as far as both 500 and 50000 Hz lie far outside of the limit of human perception) but formally means 
“excess of the art”, and a solution that allows this “improvement” could easily be patented. Certainly, an owner of 
such patent would unlikely been awarded… 
The considered problem is essentially close to the problem of determination of the best of competing systems. 
Such problem can be solved by using the methods of benchmarking [2], qualimetry [3], Delphi [4] and others. Each 
of these approaches suggests some procedure of treatment of the expert opinions by using some or other formulas. 
By involving multiple experts and using multiple criteria of estimation, it is possible to determine the best 
competitor for any set of criteria specified in advance. The problem is, however, that any choice of these criteria 
remains subjective and, therefore, error-prone. 
The problem of determination of state of the art (and excess of the art) is well known to the specialists of the 
former USSR who had to prove that a given product is worthy of the assignment of the “State Sign of Quality”: 
excess of the art was one of basic requirements to candidate products [5]. In practice, as we know from the history, it 
became possible to get this certificate for virtually any product: the only requirement (not considering corruption) 
was to find some particular set of characteristics that show some formal advantage of the product in question 
comparing to known analogs. Nobody analyzed if this advantage was actual for the customers or not.  
Absence of objective measurable criteria that determine the state of the art causes virtual impossibility to resolve 
the contradictions between the viewpoints of experts: generally, nobody knows which of contradictory opinions is 
more correct. In the present paper, we try to suggest some objective criteria of “state of the art” independent of 
expert opinions. 
3. Problems to resolve 
As far as we consider real-world problems connected to determination of state of the art, we have to think about 
competitive advantages. Indeed, we can easily “improve” of characteristics being not of current interest for the 
customers of a given product, e.g. to increase the running without refueling of car from 700 to 7000 km. Such 
improvement is technically quite possible (by increasing the fuel tank of the car to, say, 3000 liters) and would 
definitely make the product “better than everything available” – but only because nobody of producers consider such 
improvement worthy to pay for.  
Therefore, we have to determine which characteristics are really demanded by the customers who are ready to 
pay for their improvement. 
The next problem is connected with the fact that almost any parameter of any particular system can be improved 
– but the cost of such improvement might not be acceptable. For example, we already determined that increasing the 
print speed is demanded by the customers of the laser printers, and we can suggest a printer that would print a 
million pages per minute – but each page would cost a million US dollars. Can we consider such improvement as 
“exceed of the art”? Unlikely it is so: nobody could pay for such printing even if it is technically possible… 
Thus, we have to determine whether the improvement of some or other combination of characteristics would give 
competitive advantage to a manufacturer. 
As it was stated above, the solution of both problems should be based on the objective characteristics 
independent of the experts’ opinions. 
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4. Suggested approach 
Applicability limits 
The applicability limits of our approach are as follows: 
x Measurability of characteristics that determine consumers’ preferences, at least, by rank scale. If these 
preferences are mostly determined by something that can be only named (e.g. brand name, flavor, design, 
etc.) our approach would not give the result. Note that in this case we would have “no result”, not improper 
result, which prevents misinforming. 
x Diversity of competitive products by the characteristics of quality and cost; 
x Necessity of producers to improve the quality of products to survive in the market. 
 
These conditions are usually satisfied in the middle part of the evolutionary cycle, approximately in the evolution 
stages of growth and maturity according to [8]. On the other hand, this corresponds to the “old market” according to 
the classification of Ansoff [9]. 
 
Main assumptions 
Our approach is based on the concept of market competition. Indeed, whatever the term “state of the art” would 
be used, it always has direct relation to competition. Exceeding the art everywhere requires some expenses that only 
have sense if they give competitive advantages.  
Let us postulate that all manufacturers in a competitive market try to make their products as good as possible, and 
best of them become the leader of the market (otherwise, the situation is outside of the above-formulated 
applicability limits). This means that currently nobody can improve the characteristics of these products: otherwise, 
the improved product would win the market competition displacing all others to periphery of the market. In general 
case, the competitive advantage is determined by multiple particular parameters that can be combined into a 
complex parameter [6]. In the simplest case, the complex parameter is a product or quotient of particular parameters 
that form technical contradiction for a given engineering system. 
Then, as far as in virtually any market there are more than one leading products, we can conclude that all of them 
are near to the boundary of currently available state of the art. In other word, there is a common measurable criterion 
which numerical values are similar for all of these products. 
Finally, we well know that virtually any characteristic of any system can be improved if we pay more. Therefore, 
we can expect some relationship between the complex parameter and market-acceptable price of competing 
products. Indeed, if the complex parameter is what the customers pay for, the value of this parameter should 
determine how much they pay. 
Complex parameter as a criterion of competitiveness 
Now let us invert the above statements. Let us assume that we could find some complex parameter that has close 
correlation with current market prices of competing products (with correlation coefficient, say, 0.99). Let us now not 
analyze if it is possible or not to find such parameter (there are multiple reasons to expect that it might be 
impossible): we assume that we already found it. This means that the customers virtually always pay more for better 
values of this (complex) parameter. 
Can such correlation be accidental? In other words, is it possible that improvement of something insignificant for 
the customers in nearly 100% of cases forces them to pay more? Note that we consider only the leaders of the 
market, i.e. the best-selling products preferred by the majority of customers in a given market. We believe that the 
laws of large numbers make the probability of such accidents negligible. 
If so, we can use the correlation analysis for determination of the parameters determining the customers’ choice. 
Then, we can compile the complex parameter from these particular parameters, so that it would well correlate with 
the market prices of leaders of the market. Finally, the best accessible values of this complex parameter would 
determine the boundaries of the state of the art. 
The suggested approach allows formal (objective) verification. Indeed, if a found complex parameter determines 
the boundary of the state of the art, we can expect that the leading manufacturers would achieve nearly the same 
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value of this parameter, and nobody would significantly exceed this value: otherwise, the improved product with 
better value of this parameter should push the competitors out of market.  
Finally, if our basic position is correct, we can expect that the actual values of the complex parameter would not 
depend on the operating principle: indeed, for a customer it does not matter how the useful effect is achieved by 
some or other product. 
Thus, we can triple-check a hypothesis about a complex parameter that determines the customers’ choice in a 
competitive market:  
(1) This parameter should correlate with the market prices of the bestsellers, and the correlation is statistically 
significant. Our practice shows that mostly it is possible to find a complex parameter with correlation coefficient 
with price equal to 0.9 and more, sometimes up to +0.99 (see an example below);  
(2) The maximum accessible values of this parameter should be similar for the leading manufacturers of these 
products. The maximum accessible value of this parameter can be considered as the boundary of the current state of 
the art;  
(3) At similar prices, the values of the complex parameter of competing products are similar and do not depend 
on the operating principle unless there are no special regulations for it (e.g. legislative prohibition for filament 
lamps). 
As far as we consider the competitive market, we determine the state of the art only for the products that compete 
with each other. In other words, we always specify the segment of the market where some or other products 
compete. The segment can be determined differently: e.g. “image saving devices”, “computer printers”, “laser 
printers”, “office printers”, “budget ink-jet printers”, etc. Specification of the competitive area is always the choice 
of an innovator who tries to improve the product. Below we assume that this segment is prescribed in advance. 
5. Case study 
Let us consider passenger aircrafts as an example. There are three sub-segments in this market: aircrafts for 
regular flights, business aviation, and private aviation. We will consider the passenger aircrafts in general. The 
objective data for [articular models of aircrafts leading in the market (2012) were taken from [7]. 
Among multiple characteristics of these aircrafts, we can specify the following: 
(1) Maximum number of passengers (unit: passengers); 
(2) Flight range (km); 
(3) Speed (km/h).  
We have to note that, from general reasoning, for the customers the cruise speed is not as important as the speed 
of delivery “from home to home”; in other words, we should consider the time of delivery from and to airport. We 
assume this time being (totally) 3 hr for regular flights, 1 hr for business aviation, and 0.15 hr for private aviation 
(these estimates might not be exact but definitely close to the reality). Then we assumed that typical flight range for 
a given aircraft is about 80% of its maximum possible range (this estimate might also be not exact but unlikely its 
error is great: indeed, unlikely an aircraft always flights for 100% of maximum possible range, as well as unlikely a 
more expensive aircraft with greater range is bought for short flights). Finally, we calculated the “effective speed” as 
a quotient of distance (80% of maximum range) and time (flight time + delivery time as stated above). This 
modification increased the correlation coefficient with price from +0.74 to +0.93 for regular passenger aircrafts and 
from +0.41 to 0.77 for business jets.  
We have to note that these three particular characteristics form a set of technical contradictions. Indeed, an 
attempt to increase the flight range without increasing the cost usually causes decreasing the maximum number of 
passengers; increasing the speed (without increasing the cost) leads to decreasing the flight range; and increasing the 
number of passengers (without increasing the cost) leads to decreasing of, at least, one of two other characteristics. 
In fact, there are, at least, several dozen parameters (such as length of the runway, wingspan, fuel effectiveness, 
etc.), that could affect the choice of the customers (airlines, business companies and private persons). Selection of 
the above-stated three parameters is the result of our analysis. 
Now let us demonstrate how the complex parameter can be built. 
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In Fig. 1a we can see the correlation between the number of passengers and market prices of best-selling aircrafts 
in 2012 (all data here and below are according to [7]). As we can see, some correlation exists but it is not very close; 
in particular, the differences between the above-mentioned sub-sectors are clearly observed. 
Now let us add one more characteristic: maximum flight range. The product of the number of passengers and the 
maximum flight range (Fig. 1b) has closer correlation with market prices, and the differences between sub-segments 
reduce but not disappear. 
Finally, when we consider the effective speed as a part of the complex parameter (Fig. 1c), almost all points 
group near the average line, and the difference between the sub-segments almost disappears. Thus, we can consider 
the product of these three characteristics (maximum number of passengers, maximum flight range and effective 
speed) as an estimate of the complex parameter that determines the customers’ choice. 
As we see from the plot, the slope of the line is different for small and large aircrafts. We assume that this is 
caused by different consumers of these aircrafts (private aviation is not a competitor for large jets). Note, however, 
that in the area of intersection (low-end of passenger vs. high-end of private aircrafts where they can, in principle, 
compete with each other), the relationship between CP and price is similar for both of them. 
a b  
Fig. 1. Correlation of the complex parameter and its constituents for passenger aircrafts and its constituents with the market prices of leading 
products (source data are taken from [7]) 
pass – maximum number of passengers 
km – maximum flight range 
km/heff – effective speed considering the average time of delivery to/from airport 
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Fig. 2 presents the same data but they are grouped differently, depending on the operating principle. As we see from the figure, the values of 
the complex parameter of jets and turboprops are similar at similar market prices. 
In Fig. 3, we show only the aircrafts for regular flights and business jets (private aircrafts are not presented; 
accordingly, the axes scales differ from those in Fig. 1). The complex parameter was justified only for passenger 
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aircrafts by using multiple regression analysis (in logarithmic coordinates where the product of particular parameters 
transfers to the sum of logarithms): we found the regression equation of the best fit for the market price as a function 
of three above-mentioned engineering parameters. (In other words, this parameter contains the same constituents as 
shown in Fig. 1 but the exact formula of this parameter is different.) The regression equation is specified in the 
figure. As we see from the plot, all 8 manufacturers achieved virtually the same proportion between the complex 
parameter and the market price – but nobody could improve it. The dashed line demonstrates the “invisible” border 
that none of them could overcome. According to the above-mentioned, we consider that this border determines the 
state of the art for a given market segment (passenger aircrafts for regular flights).  
Note that outliers in Fig.3 correspond to business jets for which this complex parameter was not adjusted. We 
intentionally keep these data in the plot to demonstrate their inability to exceed the considered limit. 
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Fig. 3. Independence of the relationship between the complex parameter and market price of the market leaders on the operating principle 
(source data are taken from [7]) 
Complex parameter = flight range (km) * maximum passenger number * effective speed (km/h) 
6. Conclusions 
The suggested approach considers the term “state of the art” as a numerical measure of the competitive ability of 
products presented in the market. We consider that the state of the art is not something independent but connected 
with other characteristics that determine the evolution of competing systems. In particular, we think that excess of 
the art makes sense only in the case when the customers evaluate this excess and are ready to pay for that. 
Such consideration allows establishing the formal criteria that can be used for determination of the currently 
available state of the art in a given segment of the market as well as determination of the most important factors that 
affect the customers’ choice between the competing products. 
The suggested approach connects the sense of the term “state of the art” with the basic TRIZ concept of technical 
contradiction. According to our approach, the combination of contradictory parameters can be described in terms of 
the complex parameter – a quantitative measure of the mentioned combination that mostly determines the market-
acceptable prices of the competing products. 
We suggest a simple procedure that uses only formal methods and allows verification of the hypotheses of two 
kinds: (1) a given complex parameter is relevant to the market, and (2) a given product really exceeds the art. The 
first kind of hypotheses can be verified by comparing the values of an assumed complex parameter with market 
prices of the best-selling products: slight or negative correlation shows that a considered parameter is not relevant. 
The second kind of hypotheses can be verified by numerical comparison of the value of a complex parameter of a 
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considered product with the values of this parameter for record systems or best-selling products, depending on the 
considered parameter: in general case, the parameters determining the boundaries of state of the art might include or 
not include cost (price) factors. 
The suggested procedure makes the conclusions about excess (or no excess) of the art more objective and 
unbiased and can be used for validation of the expert conclusions. Performing the procedure does not require high 
expert qualification: as far as the expert opinion is formulated (in any way: by using knowledge, experience, 
intuition, etc.), it can be validated by formal methods. Thus, combination of the suggested procedure with traditional 
expert methods makes the result objective and unbiased without the loss of quality. 
 
Fig. 4. Relationship between adjusted complex parameter for passenger aircrafts for regular airlines and market prices of the best-selling products 
of eight world-leading manufacturers (source data are taken from [7]). 
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